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(54) Robot devices and driving control methods 

(57) The functions and performance of a robot de- 
vice (1) can be improved by providing control means 
(15) detachably mounted on a prescribed component 
unit (2) for driving and controlling each of the component 
units (2 - 10) in a prescribed state. The control means 
(15) can therefore be easily exchanged for a different 
one. Thus a robot device can be provided in which its 



functions and performance can be improved. The robot 
device (1 ) may comprise storing means (16) detachably 
mounted on the prescribed component unit (2) for stor- 
ing desired behaviour type information and thereby, the 
storing means (1 6) can be readily exchanged for storing 
means storing behaviour type information different from 
that in the former storing means. 
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Description 

[0001] This invention relates to robot devices and to 
driving control methods for such robot devices, such as 
may be applied to autonomous moving type robots. 
[0002] A variety of robots have been proposed such 
as a four-footed walking type as illustrated in Fig. 1 A of 
the accompanying drawings, a two-footed walking type 
as illustrated in Fig. 1B, a vehicle type as illustrated in 
Fig. 1 C and a two-wheel driving type as illustrated in Fig. 
1D. 

[0003] Ordinarily, these kinds of robots operate in ac- 
cordance with their configurations by executing an op- 
eration program corresponding to the configurations, 
such as the two-footed walking type or the four-footed 
walking type, by a general purpose computer accommo- 
dated in a body unit or a central processing unit (CPU) 
mounted on a CPU board. 

[0004] Recently, in one of these type of robots, com- 
ponent units, such as a body unit and a head unit, for 
forming the robot are connected together using serial 
buses and thereby, the CPU detects the connecting 
mechanisms of these component units in order to auto- 
matically decide the configuration of the robot based on 
the detection result. 

[0005] Further, one of this type of robots divides an 
operation program into a host program (hereinafter, re- 
ferred to as a host operation program) for supplying a 
general operation instruction such as "move forward", 
"move backward", etc. which does not depend on the 
configuration of the robot and a subordinate program 
(hereinafter, referred to as a subordinate operation pro- 
gram) for driving and controlling the component units to 
respective states depending on the configuration of the 
robot in order to actually move the robot in accordance 
with the above instruction. Thus, the host operation pro- 
gram, which does not depend on the configuration of the 
robot, can be utilized commonly between different ro- 
bots. 

[0006] In addition to this, the component units of the 
robot are detachably connected together using serial 
buses, a CPU classifies the configuration of the robot 
and it is decided based on the classification result how 
operation program is selected, that is to say, what pur- 
pose (for instance, right foot or left foot) the component 
units are operated for. Accordingly, even when the con- 
figuration of the robot is changed by changing the con- 
necting mechanism of the component units, an opera- 
tion program corresponding to the configuration can be 
automatically selected and executed. 
[0007] However, while detachably connecting the 
component units using the serial buses can give free- 
dom to the design of the robot, a robot which is mono- 
lithically designed in advance so as not to be changed 
its configuration, can give more freedom to its design or 
can be more inexpensively manufactured. In this con- 
nection, monolithically designing a robot in such a man- 
ner can be regarded as a special case of methods for 



detachably connecting the component units and can en- 
sure the generalization of the host operation program. 
[0008] For this type of the robots, a method has been 
considered in which a CPU board is detachably mount- 
5 ed in a body unit using a parallel bus such as a Versa 
Module Europe (VME) bus or a peripheral component 
interconnect (PCI) bus. This method has an advantage 
in that performance of the CPU is improved twice as high 
as the previous year every year and the CPU board can 
10 be exchanged for a CPU board loaded with a CPU 
whose performance is improved! 
[0009] However, according to the aforementioned 
method, since an operation program (a subordinate op- 
eration program in the case of a hierarchical structure) 
is written in a memory provided on the CPU board, it is 
necessary to download the aforementioned operation 
program (or a subordinate operation program) to a 
memory of a new CPU board using a host computer to 
which the CPU board can make access, every time 
when exchanging the CPU board. Therefore, the ex- 
changing operation of the CPU board has been trouble- 
some, so that the CPU board can not readily be ex- 
changed for a new CPU board. 

[0010] One aspect of the invention provides a robot 
device constructed by connecting plural component 
units together, comprising control means which is de- 
tachably mounted on a prescribed component unit, for 
driving and controlling each of the component units in a 
prescribed state. 

[0011] As a result, the control means can be easily 
exchanged. 

[0012] Further, according to another aspect of the 
present invention, a robot device which is constructed 
by connecting plural component units together, compris- 
es storing means which is detachably mounted on a pre- 
scribed component unit and used for storing desired be- 
haviour type information. 

[001 3] Consequently, the storing means can be read- 
ily exchanged for storing means in which different be- 
haviour type information is stored. 
[0014] Furthermore, according to a further aspect of 
the present invention, a robot device constructed by 
connecting plural component units together comprises 
first storing means for storing configuration information 
which represents a configuration of the robot device 
constructed by connecting the component units togeth- 
er with unit information inherent in each component unit; 
second storing means for storing a prescribed operation 
program; and control means for reading out the config- 
uration information and the operation program from the 
first and the second storing means respectively, chang- 
ing the read configuration information in accordance 
with additional component units connected to respective 
component units, and driving and controlling each of the 
component units and additional component units in a 
prescribed state on the basis of the changed configura- 
tion information and operation program. 
[0015] As a consequence, even when changing the 
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configuration of the robot, the configuration information 
and the operation program do not need to be rewritten 
and the control means can be used as it is without 
changing in order to drive and control each of the com- 
ponent units in a prescribed state. Thus, the configura- 
tion of the robot can be changed with ease. 
[0016] Other aspects of the invention are set out in 
claims 6 and 14. 

[0017] The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Figs. 1 A to 1 D are diagrammatic perspective views 
showing configurations of various robots; 
Fig. 2 is a diagrammatic perspective view showing 
a configuration of a robot in a first embodiment ac- 
cording to the present invention; 
Fig. 3 is a block diagram explaining the connection 
between a control unit, a memory unit and a body 
unit; 

Fig. 4 is a conceptual view showing a tree structure 
for representing configuration information; 
Fig. 5 is a block diagram showing the circuit of the 
control unit; 

Fig. 6 is a block diagram showing the circuit of the 
robot; 

Fig. 7 is a diagrammatic perspective view showing 
a configuration of a robot in a second embodiment 
according to the present invention; 
Fig. 8 is a block diagram showing the circuit of a 
control unit; 

Fig. 9 is a block diagram showing the circuit of the 
robot; 

Fig. 10 is a conceptual view showing a tree structure 
for representing information on configuration 
changed by connecting an additional component 

unit; 

Fig. 1 1 is a schematic block diagram explaining the 
connection between a control unit, a memory unit 
and a body unit according to other embodiments; 
and 

Fig. 1 2 is a block diagram showing the configuration 
of a robot according to other embodiments. 

[001 8] Preferred embodiments of th is invention will be 
described with reference to the accompanying draw- 
ings: 

(1) First Embodiment 

(1-1) Configuration of Robot according to First 
Embodiment 

[0019] In Fig. 2, 1 designates a robot according to a 
first embodiment as a whole, which is monolith icalty 
constructed; thigh units 3 to 6 and leg units 7 to 10 are 
successively connected to the front, rear, right and left 



corner parts below a body unit 2 respectively, and a neck 
unit 11 and a head unit 12 are successively connected 
to the central part of a front end part on the upper surface 
of the body unit 2. In the following description, the body 
s unit 2, the thigh units 3 to 6, the leg units 7 to 10, the 
neck unit 1 1 and the head unit 1 2 are called component 
units 2 to 1 2 collectively. 

[0020] Further, first and second slots 2 A and 2B are 
provided on the side surface of the rear end side of the 
body unit 2. A control unit 15 composed of a personal 
computer (PC) card is detachably mounted in the first 
slot 2A and a memory unit 1 6 composed of a PC card 
is detachably mounted in the second slot 2B. 
[0021] In this case, as shown in Fig. 3, a CPU 17 or 
the like for controlling the action of the robot 1 is accom- 
modated in the control unit 15. Besides, a nonvolatile 
memory (hereinafter, referred to as a memory) 1 8, such 
as a mask read only memory (ROM) or a flash ROM. is 
accommodated in the memory unit 16. In the memory 
1 8, information (hereinafter, referred to as behavior type 
information) on what type of behavior, such as for a pet, 
dancing or a combat, the robot 1 performs for is previ- 
ously stored as an application program. 
[0022] Further, the body unit 2 contains a memory 1 9 
such as a flash ROM. In the memory 19, an operation 
program (hereinafter, referred to as a basic operation 
program) and a configuration program are previously 
stored: the basic operation program for making the robot 
1 perform a basic action, which is composed of a hier- 
archical structure comprising a host operation program 
and a program (hereinafter, referred to as an intermedi- 
ate operation program) being a part of a subordinate op- 
eration program to supply an action instruction, such as 
"stand up" and "sit down", depending on an operation 
instruction supplied from the host operation program; 
and the configuration information for representing vari- 
ous kinds of information (hereinafter, referred to as unit 
information collectively), such as a role ("head", "neck", 
etc.), a formation and a position of the center of gravity, 
for each of the component units 2 to 1 2 with a tree struc- 
ture showing the connecting condition of the component 
units 2 to 12, as shown in Fig. 3, in accordance with the 
configuration of the robot 1 (for example, a four-foot 
walking type). 

[0023] In the robot 1 , when the control unit 15 or the 
memory unit 16 is mounted in the first slot 2A or the sec- 
ond slot 2B of the body unit 2 and they are held in the 
body unit 2, the memories 1 9 and 18 of the body unit 2 
and the memory unit 1 6 are electrically connected to the 
CPU 17 of the control unit 15 through a card bus 20. 
[0024] Thus, when the control unit 1 5 and the memory 
unit 1 6 are held in the body unit 2, the CPU 1 7 reads the 
configuration information and the basic operation pro- 
gram from the memory 19 of the body unit 2 and the 
application program from the memory 1 8 of the memory 
unit 16 so as to make the robot 1 drive according to its 
configuration and behaviortypes based on the read con- 
figuration information, the basic operation program and 
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. the application program. 
[0025] Here, as shown in Figs. 5 and 6 in practice, in 
the robot 1 , when the control unit 15 is mounted in the 
first slot 2A of the body unit 2 and the memory unit 16 
is mounted in the second slot 2B, an serial bus host 
(SBH) 26 for controlling a serial bus in the body unit 2 
and the memory 1 8 in the memory unit 1 6 are electrically 
connected to the CPU 1 7 of the control unit 1 5 via a first 
CPU bus 21 , a bus use switcher 22, a second CPU bus 
23, a card bus interface 24 and a card bus 20 sequen- 
tially. In this connection, the memory 19 is electrically 
connected to the SBH 26 via a HUB (distributor) 27 in 
the body unit 2. 

[0026] At this time, a battery 31 in the body unit 2 is 
electrically connected to a battery manager 30 of the 
control unit 15 through the card bus 20. The CPU 17, 
when power is supplied from the battery 31 successively 
through the card bus 20, the battery manager 30, a pe- 
ripheral interface 32, the second CPU bus 23, the bus 
use switcher 22 and the first CPU bus 21 , reads out an 
operating system (OS) previously stored in a memory 
33 such as a flash ROM therefrom and downloads the 
read out operating system to a SDRAM 36 successively 
through a ROM interface 34, the second CPU bus 23 
and a SD-random access memory (SDRAM) interface 
35 and reads the operation system from the SDRAM 36 
through the first CPU bus 21 to start. 
[0027] Further, the CPU 17 reads out the configura- 
tion information from the memory 19 via the HUB 27 and 
the SBH 26 in the body unit 2 and then, downloads the 
read configuration information to the SDRAM 36 via the 
HUB 27, the SBH 26, the card bus 20, the card bus in- 
terface 24, the second CPU bus 23 and the SDRAM in- 
terface 35 successively. 

[0028] Then, the CPU 17 reads out the configuration 
information from the SDRAM 36 via the first CPU bus 
21 to recognize the configuration of the robot 1 based 
on the read configuration information. 
[0029] Further, the bus use switcher 22 gives the us- 
ing right for the second CPU bus 23 to a direct memory 
access (DMA) controller 37 under the control of the CPU 
1 7, so that the DMA controller 37 reads out the applica- 
tion program from the memory 1 8 in the memory unit 1 6 
under the control of the CPU 1 7 and downloads the read 
application program to the SDRAM 36 via the card bus 
20, the card bus interface 24, the second CPU bus 23 
and the SDRAM interface 35 successively. 
[0030] Then, the CPU 17 reads out the application 
program from the SDRAM 36 through the first CPU bus 
21 to recognize the behavior type of the robot 1 based 
on the read application program. 
[0031] Under this state, the CPU 1 7 reads out the ba- 
sic operation program from the memory 19 in the body 
unit 2 through a route similar to the aforementioned case 
of reading the configuration information, downloads the 
read basic operation program to the SDRAM 36 and 
then, reads out the basic operation program from the 
SDRAM 36 through the first CPU bus 21 to start it. 



[0032] Accordingly, the CPU 17, when receiving a 
prescribed instruction such as "move forward" from the 
host operation program of the basic operation program, 
generates control signals S1 corresponding to various 
s kinds of instructions, such as "raise a right leg'*, which 
are necessary for the respective component units 3 to 
1 2 except for the body unit 2 in order to move the robot 

I forward based on the intermediate operation program 
of the basic operation program and the configuration in- 
formation, and supplies these control signals S1 to the 
HUB 27 via the SBH 26 in the body unit 2. 
[0033] In this case, HUBs 40 accommodated in the 
respective thigh parts 3 to 6 and the neck part 11 are 
electrically connected to the HUB 27 of the body unit 2 
through serial buses 41 and moreover, HUBs 40 housed 
in the respective leg units 7 to 10 and the head unit 12 
are electrically connected to the HUBs 40 in the thigh 
units 3 to 6 and the neck unit 11 through serial buses 
41, respectively. 

[0034] Further, electronic parts 43 required for oper- 
ations of an actuator and a sensor or the like are accom- 
modated respectively in the thigh units 3 to 6, the leg 
units 7 to 10, the neck unit 11 and the head unit 12. 
[0035] Thus, the control signals S1 supplied to the 
HUB 27 of the body unit 2 are supplied from the HUB 
27 to the corresponding electronic parts 43 through the 
respective HUBs of the thigh units 3 to 6, the leg units 
7 to 10, the neck unit 11 and the head unit 12. 
[0036] In such a way, the CPU 17 controls and drives 
the electronic parts 43 in the thigh units 3 to 6, the leg 
units 7 to 1 0, the neck unit 1 1 and the head unit 1 2 based 
on the corresponding control signals S1. Thus, each of 
the thigh units 3 to 6, the leg units 7 to 1 0, the neck unit 

II and the head unit 12 can perform required actions, 
for example, for moving the robot 1 forward. 
[0037] In this connection, when the control unit 15 is 
mounted in the first slot 2 A of the body unit 2 t a parallel 
input/output (PIO) 55 or a serial communication control 
(SCC) 56 connected to the second CPU bus 23 through 
the peripheral interface 32 is electrically connected to 
an corresponding external terminal 57A or 57 B provided 
in the body unit 2 through the card bus 20. 
[0038] Accordingly, the robot 1 can execute a debug- 
ging process in the control unit 15, for example, using a 
personal computer (not shown) which can be connected 
to the external terminal 57A or the 57B, through the par- 
allel input/output 55 or the serial communication control 
56. 

[0039] Besides, the control unit 15 is provided with a 
timer 58 connected to the second CPU bus 23. For in- 
stance, the timer 58 is used when an interactive opera- 
tion is necessary for operation of the CPU 17. 

(1-2) Operation and Effects according to the First 
Embodiment 

[0040] In the robot 1 with the aforementioned con- 
struction, the control unit 1 5 and the memory unit 1 6 are 
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mounted in the first and second slot 2A and 2B of the 
body unit 2 respectively, so that the CPU 1 7 of the con- 
trol unit 15 reads out the application program from the 
memory 18 of the memory unit 16 and also reads out 
the configuration information and the basic operation s 
program from the memory 19 in the body unit 2. 
[0041] In this robot 1 , the CPU 17 recognizes the con- 
figuration of the robot 1 based on the configuration in- 
formation as well as the behavior type of the robot 1 
based on the application program. Under this state, the 
CPU 17 drives and controls the electronic parts 43 of 
the respective component units 3 to 12 based on the 
basic operation program and the configuration informa- 
tion, in order to perform operations corresponding to in- 
structions supplied from the host program of the basic 
operation program. 

[0042] In this case, in the robot 1 , the basic operation 
program is stored in the memory 19 in the body unit 2 
and only the operation system is stored in the memory 
33 in the control unit 1 5 which is detachably attached to 
the body unit 2. Therefore, even when the control unit 
1 5 is exchanged for a new one, the basic operation pro- 
gram does not need to be downloaded to a memory 33 
in a new control unit 1 5. 

[0043] Accordingly, in the robot 1 , the existing control 
unit 15 can be exchanged for a control unit in which a 
CPU whose performance is improved is accommodat- 
ed. 

[0044] Further, since only the operation system is 
stored in the memory 33 of the control unit 15 as stated 
above, the control unit 1 5 can be used for other robots. 
Therefore, the general purpose of the control unit 15 can 
be improved. 

[0045] In addition, the robot 1 can drive and control 
the component units 3 to 12 except for the body unit 2 
in the respective prescribed states based on the config- 
uration information and the intermediate operation pro- 
gram, so that the structure of the basic operation pro- 
gram can be more simplified than that of the operation 
program having a hierarchical structure comprising the 
host operation program and the subordinate operation 
program. 

[0046] Further, according to the robot 1 , the memory 
unit 1 6 can be readily exchanged for a new one similarly 
to the control unit 15. In other words, the robot 1 can 
perform an action of different kind of behavior type only 
by mounting a memory unit 16 having different kind of 
behavior type information in the second slot 2B of the 
body unit 2 

[0047] With the aforementioned construction, the 
configuration information and the basic operation pro- 
gram are stored in the memory 1 9 of the body unit 2 and 
the configuration information and the basic operation 
program are read out from the CPU 17 of the control unit 
15, which is detachably mounted in the first slot 2A of 
the body unit 2, at the time of operation of the robot 1 . 
Thereby, the control unit 15 can be readily exchanged 
for a new control unit in which a CPU whose perform- 



ance is improved is accommodated and thus, the robot 
capable of simply improving its performance and func- 
tions can be realized. 

[0048] Furthermore, the memory unit 16 is also de- 
tachably mounted and held in the second slot 2B of the 
body unit 2 similarly to the body unit 1 5, so that the mem- 
ory unit 16 can be readily exchanged for a memory unit 
16 which contains a memory 18 storing behavior type 
information different from that of stored in the memory 
18 of the former memory unit 16. Accordingly, a robot 
capable of simply improving its functions and perform- 
ance can be realized. 

(2) Second Embodiment 

(2-1 ) Configuration of Robot according to Second 
Embodiment 

[0049] Fig. 7 in which the same reference numerals 
are applied to parts corresponding to Fig. 2 shows a ro- 
bot 50 according to a second embodiment. The robot 50 
is constructed substantially similarly to the robot 1 ac- 
cording to the first embodiment except that prescribed 
component units (hereinafter, referred to as additional 
component units) 52, such as a tail unit, are newly and 
detachably connected to connection parts 51 A provided 
at plural prescribed positions of a body unit 51 in addition 
to the component units 3 to 12 except for the body unit 
51 and that configuration information is changed by a 
control unit 53 in accordance with the connections of the 
additional component units 52. 

[0050] In Figs. 8 and 9 in which the same reference 
numerals are applied to parts corresponding to Figs. 5 
and 6, the body unit 51 has a memory 54 in which the 
positional information of a connection point P1 corre- 
sponding to each connection part 51 A of an HUB 55 is 
stored in addition to the basic operation program and 
the configuration information (indicating the configura- 
tion of the robot 50 before connecting the additional 
component units 52) and a connector (not shown) con- 
nected to the HUB 55 through a serial bus 41 provided 
in each of the connection parts 51 A. 
[0051] Each additional component unit 52 contains an 
HUB 40 and electronic parts 43 similarly to the compo- 
nent units 3 to 1 2 except for the body unit 51 and has a 
connector (not shown) connected to the HUB 40 with a 
serial bus 41 . The additional component unit 52 is phys- 
ically connected to the corresponding connection part 
51 A of the body unit 51 , so that the HUB 40 can be elec- 
trically connected to the HUB 55 of the body unit 51 with 
the serial bus 41. 

[0052] Further, the additional component unit 52 con- 
tains a nonvolatile memory 56, such as a mask ROM or 
a flash ROM, storing unit information corresponding to 
the additional component unit 52. 
[0053] The robot 50, when the control unit 53 is 
mounted in the first slot of the body unit 51 to start the 
CPU 57 of the control unit 53 and an operation system 
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read out from a memory 33, reads out the configuration 
information and the positional information from a mem- 
ory 54 in the body unit 51 to download them to an 
SDRAM 36, and reads out the unit information stored in 
the memory 56 of the additional component unit 52 via 
an SBH 26, an HUB 55 and a serial bus 41 of the body 
unit 51 and the HUB 40 of the additional component unit 
52 successively to download it to the SDRAM 36. 
[0054] Then, the CPU 57, as illustrated in Fig. 10, 
reads out the downloaded configuration formation, po- 
sitional information and unit information from the 
SDRAM 36 and changes a tree structure according to 
the configuration of the robot 50 before connecting the 
additional component units 52 to the body unit 51 to a 
tree structure according to the configuration of the robot 
50 after connecting the additional component units 52 
to the body unit 51, based on these read configuration 
information, positional information and unit information, 
in order to change the configuration information. 
[0055] Thus, the CPU 57 can recognize as to which 
additional component unit 52 is connected to which con- 
nection part 51 A of the body unit 51 and as to how the 
configuration of the robot 50 is resultantly changed, 
based on thus changed configuration information (here- 
inafter, referred to as changed configuration informa- 
tion). 

[0056] Further, once the CPU 57 downloads the 
changed configuration information to the SDRAM 36 
and also downloads the basic operation program to the 
SDRAM 36 by reading out it from the memory 54 in the 
body unit 51. 

[0057] Then, the CPU 57 reads out the changed con- 
figuration information from the SDRAM 36 and also 
reads out the basic operation program to start it. Thus, 
the CPU 57, when receiving a prescribed instruction, 
such as "move forward", from the host operation pro- 
gram of the basic operation program, the CPU 57 gen- 
erates control signals S2 according to various kinds of 
instructions, such as "raise a right leg", which are nec- 
essary for the respective component units 3 to 1 2 except 
for the body unit 51 and the additional component units 
52 in order to move the robot 50 forward, based on the 
intermediate operation program of the basic operation 
program and the changed configuration information and 
supplies these control signals S2 to the respective com- 
ponent units 3 to 1 2 except for the body unit 51 and the 
additional component units 52 from the HUB 27 of the 
body unit 51 . 

[0058] Thus, the CPU 57 drives and controls the elec- 
tronic parts 43 of the component units 3 to 1 2 except for 
the body unit 51 and the additional component units 52 
based on the corresponding control signals S2. There- 
fore, the respective component units 3 to 12 except for 
the body unit 51 and the additional component units 52 
can perform respective required actions for moving the 
robot 1 forward. 



(2-2) Operation and Effects according to Second 
Embodiment 

[0059] According to the robot 50 with the aforemen- 
s ttoned construction, the CPU 57 in the control unit 53 
changes the configuration information to changed con- 
figuration information according to the configuration of 
the robot 50 after connecting the additional component 
units 52 to the body unit 51 , based on the configuration 
information and positional information read from the 
memory of the body unit 51 and the unit information read 
from the memory 56 of the additional component units 
52 connected to the body unit 51. 
[0060] Further, in the robot 50, the CPU 57 drives and 
controls the electronic parts 43 of the component units 
3 to 12 except for the body unit 51 and the additional 
component units 52 based on the basic operation pro- 
gram and the configuration information, so that the robot 

50 whose configuration is changed operates depending 
on instructions supplied from the host program of the 
basic operation program, 

[0061] In this case, in the robot 50, since the basic 
operation program is previously stored, in the memory 
54 of the body unit 51 , the control unit 53 can be simply 
exchanged for a new control unit without downloading 
the basic operation program to a memory 33 at the time 
of changing the control unit 53. 

[0062] Further, in this robot 50, even when the addi- 
tional component units 52 are connected to the body unit 

51 to change the configuration of the robot 50, it is not 
necessary to download a basic operation program ac- 
cording to a new configuration of the robot 50 to the 
memory 33 of the control unit 53, so that the configura- 
tion of the robot 50 can be changed with ease. 
[0063] As a result, in the robot 50, one control unit 53 
can readily cope with the change of configuration of the 
robot 50 and can also be simply applied to other robots 
regardless of the configurations of the robots. There- 
fore, the generalization of the control unit 53 can be 
more improved than that of the robot 1 (Fig. 2) according 
to the aforementioned first embodiment. 
[0064] According to the aforementioned construction, 
the configuration information and the basic operation 
program are stored in the memory 54 of the body unit 
51 and the configuration information and the basic op- 
eration program are read out from the memory 54 in the 
body unit 51 by the control unit 53 detachably mounted 
in the first slot of the body unit 51 so that the robot 50 is 
operated based on the read configuration information 
and basic operation program and thereby, the control 
unit 53 can be readily exchanged. Thus, a robot capable 
of simply improving its functions and performance can 
be realized. 

[0065] Furthermore, even when the additional com- 
ponent units 52 are connected to the body unit 51 so 
that the configuration of the robot 50 is changed, the 
configuration information is changed in accordance with 
this change. Therefore, the configuration of the robot 50 
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can be simply changed and a robot capable of simply 
improve its function and performance can be realized. 

(3) Other Embodiments 

[0066] According to the aforementioned first and sec- 
ond embodiments, the present inventions applied to 
the four-foot walking type robot 1, 50. However, the 
present invention is not limited thereto but can be ap- 
plied to robots with other kinds of configurations such 
as a two-foot walking type, a vehicle type, a two- 
wheeled driving type or modified types of them. 
[0067] Further, according to the aforementioned first 
and second embodiments, the control unit 15, 53 and 
the memory unit 16 mounted in the first and second slots 
2A and 2B of the body unit 2, 5 1 are electrically connect- 
ed together with the card bus 20 in the body unit 2, 51 . 
However, the present invention is not limited thereto but 
the body unit 2, 51 , the control unit 1 5, 53 and the mem- 
ory part 16 can be connected in series as shown in Fig. 
11. 

[0068] Further, according to the aforementioned first 
and second embodiments, the CPU 17, 57 operate the 
robot 1 in accordance with operation instructions sup- 
plied from the host program of the basic operation pro- 
gram. However, the present invention is not limited 
thereto but a third slot (not shown) can be provided on 
the body unit 81 of a robot 80 in addition to the first and 
second slots as shown in Fig. 1 2 in which the same ref- 
erence numerals are applied to parts corresponding to 
Fig. 3, a communication unit 82 which is composed of 
a PC card and which contains a radio local area network 
(LAN) can detachably be mounted in the third slot in or- 
der to electrically connect the communication unit 82 to 
the control unit 1 5 with the card bus 20, so that the CPU 
17 can operate the robot 80 based on operation instruc- 
tions obtained from the outside via the communication 
unit 82. Furthermore, the robot can be operated based 
on operation instructions obtained from the outside us- 
ing other various media, such as the case where the 
CPU 17, 57 can operate the robot based on operation 
instructions obtained from the outside with ethernet or 
the like. 

[0069] Further, according to the aforementioned first 
and second embodiments, the control unit 15, 53, the 
memory unit 1 6 and the body unit 2, 51 are electrically 
connected together with the card bus 20. However, the 
present invention is not limited thereto but the control 
unit 15, 53, the memory unit 16 and the body unit 2, 51 
can be electrically connected together with buses hav- 
ing other various types structures in place of the card 
bus 20. 

[0070] Further, according to the aforementioned first 
embodiment, the basic operation program and the con- 
figuration information are previously stored in the mem- 
ory 1 9 in the body unit 2. However, the present invention 
is not limited thereto but the operation program having 
a hierarchical structure comprising the host operation 



program and the subordinate operation program can be 
previously stored in the memory 19 in the body unit 2 
and the robot 1 can be actuated by the CPU 17 only 
based on the operation program without employing the 
s configuration information. 

[0071] Further, according to the aforementioned first 
and second embodiments, the basic operation program 
having a hierarchical structure comprising the host op- 
eration program and the intermediate operation pro- 
10 gram is previously stored in the memory 19, 54 in the 
body unit 2 t 51. However, the present invention is not 
limited thereto but the intermediate operation program 
of the basic operation program can be previously stored 
in the memory 1 9, 54 in the body unit 2,51, and the host 
is operation program of the basic operation program can 
be previously stored in the memory 1 8 in the memory 
unit 16. 

[0072] Further, according to the aforementioned first 
and second embodiments, the basic operation program 
is previously stored in the memory 1 9, 54 in the body 
unit 2, 51. However, the present invention is not limited 
thereto but the basic operation program stored in the 
memory 19, 54 in the body unit 2, 51 can be rewritten 
as required. 

[0073] Further, according to the aforementioned first 
and second embodiments, the robot 1 is operated by 
the CPU 17, 57 of the control unit 15, 53 based on the 
basic operation program and the configuration informa- 
tion. However, the present invention is not limited there- 
to but the control unit can be provided with a learning 
function for learning operations as the robot repeats a 
variety of operations and the basic operation program 
and the configuration information can be rewritten 
based on the learning result. Besides, the basic opera- 
tion program and/or the configuration information, which 
is rewritten based on the learning result, can be mated 
with the basic operation program and/or the configura- 
tion information similarly rewritten based on the learning 
result of a robot having the same configuration or a dif- 
ferent configuration, by using a genetic algorithm. 
[0074] Further, according to the aforementioned first 
and second embodiments, the memory 1 9, 54 previous- 
ly storing the basic operation program and the configu- 
ration information is accommodated in the body unit 2, 
51 . However, the present invention is not limited thereto 
but the memory 1 9, 54 can be accommodated in any of 
the component units 3 to 12 except for the body unit 2, 
51 or the additional component units 52, or a memory 
in which only the basic operation program is previously 
stored and a memory in which the configuration infor- 
mation is previously stored can be accommodated in re- 
spectively different any of the component units 2 to 12 
or in the additional component units 52, as long as the 
memory 19, 54 in which the basic operation program 
and the configuration are previously stored can electri- 
cally connected to the control unit 15, 53. 
[0075] Further, according to the aforementioned first 
and second embodiments, the memory unit 16 contain- 
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ing a memory in which behavior type information is 
stored is mounted in the second slot 2B of the body unit 
2, 51. However, the present invention is not limited 
thereto but and a memory unit containing an extending 
memory can be mounted in the second slot 2B of the 
body unit 2, 51 in place of the memory unit 16 and var- 
ious kinds of information can be stored in the extending 
memory of the memory unit as desired. 
[0076] Further, according to the aforementioned sec- 
ond embodiment, plural connection parts 51 A are pro- 
vided on the body unit 51 . However, the present inven- 
tion is not limited thereto but connection parts can be 
provided not only on the body unit 51 but also on the 
component units 3 to 12 except for the body unit 51 to 
connect the additional component units 52 thereto. 
[0077] Further, according to the aforementioned sec- 
ond embodiments, the basic operation program is pre- 
viously stored in the memory 54 in the body unit 51. 
However, the present invention is not limited thereto but 
plural basic operation programs according to various 
configurations of the robot 50 can be previously stored 
in the memory of the memory unit 16, so that a basic 
operation program according to configuration informa- 
tion changed depending on the connection of the addi- 
tional component unit 52 to the body unit 51 is selected 
from these basic operation programs to be used. 
[0078] Further, according to the aforementioned first 
and second embodiments, the control unit 15, 53 is 
used, which is monolithically and detachably held in a 
prescribed component unit as control means for driving 
and controlling the component units in respective pre- 
scribed states. However, the present invention is not lim- 
ited thereto but other control means having various 
types of formations or configurations can be used as 
long as the control means can be detachably held in a 
prescribed component unit. 

[0079] Furthermore, according to the aforementioned 
first and second embodiments, the memory unit 16 is 
applied, which is monolithically and detachably mount- 
ed in a prescribed component unit as storing means for 
storing desired behaviour type information. However, 
the present invention is not limited thereto but storing 
means having various kinds of formations or configura- 
tions can be used as long as the storing means can be 
detachably mounted in a prescribed component unit. 
[0080] While there have been described preferred 
embodiments of the invention, it will be apparent to 
those skilled in the art that various changes and modi- 
fications may be made, and it is therefore intended to 
cover in the appended claims all such changes and 
modifications as fall within the scope of the invention. 



Claims 

1. A robot device constructed by connecting plural 
component units together, comprising 

control means which is detachably mounted 



on said prescribed component unit, for driving and 
controlling each of said component units in a pre- 
scribed state. 

s 2. The robot device according to claim 1 , comprising 

storing means which is detachably mounted on 
said prescribed component unit, for storing de- 
sired behavior type information, and 
io said control means, wherein: 

said behavior type information is read out 
from said storing means; and 
each of said component units is driven and 
is controlled in accordance with said read be- 

havior type information. 

3. The robot device according to claim 2, wherein 

said storing means is a memory card. 

20 

4. The robot device according to claim 1 , comprising: 

first storing means which is held in said pre- 
scribed component unit, for storing configure- 
rs tion information which represents a configura- 
tion of said robot, which is constructed by con- 
necting said component units, with unit infor- 
mation inherent in each of said component 
units; and 

30 second storing means for storing a prescribed 

operation program, and 
said control means, wherein: 

said stored configuration information and 
35 operation program are read out from said 

first and second storing means respective- 
ly; and 

each of said component units is driven and 
controlled in a prescribed states in accord- 
40 ance with the read configuration informa- 

tion and operation program. 

5. The robot device according to claim 4, wherein 

said configuration information is formed with 
45 a tree structure representing the connecting condi- 
tion of said component units. 

6. A robot driving control method for driving and con- 
trolling a robot constructed by connecting plural 

so component units, wherein 

control means detachably mounted on said 
prescribed component unit drives and controls each 
of said component unit in a prescribed state. 

55 7. The robot driving control method according to claim 
6, wherein: 

desired behavior type information is stored in 
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storing means detachably mounted on said 
prescribed component unit; and 
said control means reads out said behavior 
type information from said control means, and 
drives and controls each of said component s 
units in accordance with said read behavior 
type information. 

8. The robot driving control method according to claim 

6, wherein: io 

storing means held in said prescribed compo- 
nent unit, wherein: 

configuration information which represents a 
configuration of said robot, which is construct- '5 
ed by connecting said component units, with 
unit information inherent in each of said com- 
ponent units is stored; and 
a prescribed operation program is stored, and 
said control means, wherein: 20 
said stored configuration information and said 
stored operation program are read out from 
said storing means; and 
each of said component units is driven and con- 
trolled in a prescribed state in accordance with 25 
said read configuration information and opera- 
tion program. 

9. A robot device constructed by connecting plural 
component units together, comprising 30 

storing means detachably mounted on said 
prescribed component unit, for storing desired be- 
havior type information. 

10. A robot device constructed by connecting plural 35 
component units together, comprising: 



11. The robot device according to claim 10, wherein 

said configuration information is formed with 
a tree structure representing a connecting condition 
of said,component units. 

12. The robot device according to claim 10, wherein 

said control means is detachably mounted on 
said prescribed component unit. 

13. The robot device according to claim 10, comprising 

storing means which is detachably mounted on 
said prescribed component unit, for storing de- 
sired behavior type information, and 
said control means reads out said behavior 
type information from said storing means, and 
drives and controls each of said component unit 
in a prescribed state in accordance with said 
read behavior type information, said changed 
configuration information and said operation 
program. 

1 4. A robot driving control method for driving and con- 
trolling a robot constructed by connecting plural 
component units and also constructed by adding 
and connecting a single and a plurality of additional 
component units to a single and a plurality of com- 
ponent units, wherein: 

configuration information which represents a 
configuration of said robot, which is construct- 
ed by connecting said component units, with 
unit information inherent in each of said com-, 
ponent units is stored in storing means hefd in 
said prescribed component unit, and a pre- 
scribed operation program is also stored there- 
in; 

said configuration information and said opera- 
tion program are read out from said storing 
means; 

said read configuration information is changed 
in accordance with information on said addi- 
tional component units connected to said com- 
ponent units; and 

each of said component units and said addition- 
al component units is driven and controlled in 
accordance with said changed configuration in- 
formation and said read operation program. 



first storing means for storing configuration in- 
formation which represent a configuration of 
said robot, which is constructed by connecting 40 
said component units, with unit information in- 
herent in each of said component units; 
second storing means for storing a prescribed 
operation program; 

a single or a plurality of additional component 45 
units to be additionally connected to a single or 
a plurality of said component units; and 
control means for reading out said configura- 
tion information and said operation program 
from said first and second storing means re- so 
spectively, for changing sard read configuration 
information in accordance with said additional 
component units connected to said component 
units, and for driving and controlling each of 
said component units and said additional com- 55 
ponent units in accordance with said changed 
configuration information and said read opera- 
tion program. 



9 



EP 0 924 034 A2 



FIG. 1A 
(Related Art) 
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FIG. 1B 
(Related Art) 




FIG. 1C 
(Related Art) 




• FIG.1D 
(Related Art) 
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